The research in telemedicine has been evolving for several years, nevertheless, there isn't a clear designation of which hardware and/or software tools should those who intend to research on this topic use. Given this situation, the objective of this study is to review and established the most used electronic cards and microcontrollers in vital signs remote monitoring systems for specific chronic patients. Also, this research intended to identify which are the motivations, challenges and recommendations to serve this study as support for further research in this area. To accomplish the above, four databases: ScienceDirect, PubMed, Science AAAS and IEEE Xplore, as well as the search engine Google Scholar academic referents, were used for developed literature review. Likewise, among 330 abstracts were searched to determine their relevance and affinity regarding the targeted scope. At the end, 35 documents were selected due to their high level of importance. According to the information extracted from such scientific papers, Arduino ONE electronic development platform has been the most used (considering low-end embedded devices) for the creation of this type of systems since 2016. Further into the review, the followed process and conclusions will be detailed and further explored.
I. INTRODUCTION
Since the last century, telemedicine has become into a crucial aspect in the utilization of modern communication technologies for medical services. In this sense, telemedicine is defined as a remote medical practice that permit the management among different entities and simplifies their interactions with the goal of treating (or diagnosing) an illness using information technologies and telecommunication [1] . Nowadays, there is an interest to study the telemonitoring of vital signals for people with chronic diseases. The above becomes into a crucial aspect in the treatment and improvement of the patient's life. Regarding this point, the application of telemedicine systems implies that the patients not often need to go to hospitals or clinics to get healthcare The associate editor coordinating the review of this manuscript and approving it for publication was Antonino Orsino . services. In this sense, the growing number of users trying to access to these services becomes into a major challenge for medical service providers, due to a prioritization of emergency cases has to be considered and, also there is always limited medical resources [2] . Therefore, there is a real motivation to develop and propose novel systems for monitoring vital signs of patients with diseases in advanced stage, which are usually elderly. According to the World Health Organization (WHO) [3] , for 2008 an about of 71 % of 36 million registered deaths due to chronic diseases, were associated to people over 60 years old. After 10 years, this situation remains as an important concern for medical institutions and governments. On the other hand, different proposed preventive solutions for the control of these type of issues, such as Remote Monitoring Systems (RMS), are reported in the literature [4] . For example, Albahri et al. [5] mentioned that a general three-tiered telemedicine system based on body area network have been widely used for vital signal telemonitoring. This type of systems has disadvantages regarding the high costs of the required devices, which include: sensors, cards, and electronic components. Thus, it is crucial to propose novel RMS in order to overcome the described limitations. Therefore, for accomplishing this purpose, it is relevant to stablish a supported framework of electronic platforms and microcontrollers for telemonitoring patients with chronic diseases [6] . In Colombia case, there is an absence of reported investigations and projects regarding the development of telemonitoring systems for advanced disease and vital signal control. However, some prototypes have been developed aiming to solve this need with the goal of successful implementation in the national territory. Regarding the above, there is an opportunity to develop novel systematic methodologies supported by electronic platforms for RMS considering the potential implementation of these telemedicine tools into the Colombian national health system.
This review aims to make a comparison between electronic development cards or platforms used for the implementation of these projects with the purpose of finding a trend in the choice of these, hence; these revised network framework can serve as a reference point for future research for the selection of the components which will be considering of a novel RMS. Therefore, the task is oriented to review related publications and literature associated with the development of projects whose purpose is the telemonitoring of patients with chronic diseases. In this sense, three illnesses have been chosen to limit the scope of the developed revision. These are hypertension [7] , asthma [8] , and Chronic Obstructive Pulmonary Disease (COPD) [9] . Regarding electronic control, the progress of these diseases can be analyzed trough measuring blood pressure and blood oxygen saturation, which can be done by using two sensors to diagnose the patient's health status. It is worth mentioning that the presented study was developed in a developing country such as Colombia, therefore; the scope of this investigation focused on carrying out searches limited to low-cost development platforms, also the task is to attempt to establish the trend of use of the most convenient platforms.
For this study, the PICO strategy [10] was used in order set the search scope, which is defined by Murdoch University. The problem in this review is addressed as follows: P-Patients with hypertension, asthma and/or COPD. I-Measurement of vital signs using sensors and electronic development cards or platforms.
C-Infrequent checks on patients. O-Avoid threats to the health status of patients. This strategy was useful to establish the following problem questions: In patients with hypertension, asthma and/or COPD who use remote monitoring systems for the measurement of vital signs?, which alternatives of cards or electronic development platforms are available ?, Are these the most used platforms instead of the traditional measurement instruments that involve infrequent controls and that may not detect threats to the patient's health status?
II. REVIEW METHODOLOGY A. SEARCH STRATEGIES
The search was restricted to scientific documents written in English and/or Spanish. In this sense, no exclusion was made for the type of document, but only those that were published from 2014 onwards were considered regarding different versions and technological advances of microcontrollers that are appropriate. Besides, four search engines were considered, which include: Science Direct, PubMed, IEEE and Science databases; furthermore, a search engine for academic references such as Google Scholar; was also used for reviewing purposes. These databases and search engines were chosen due to most of the up to date literature regarding electronic platform and microcontrollers are reported in them.
To avoid losing of time and scope in the review of the selected publications, these papers and scientific documents should deal with any of the three studied diseases. Otherwise, journal articles, conferences, book chapters and related scientific papers were considered in this review. Also, it worth mentioning that the objective of this study is oriented to develop a systematic review of the literature focused on the use and trend of development platforms for remote monitoring of vital signs in patients with hypertension, asthma and / or chronic obstructive pulmonary disease.
B. DATA COLLECTION AND ANALYSIS
The search was limited to the strings shown in Table 2 . The accepted publications had to have the search terms, synonyms or similar phrases in the title, abstract or keywords. Here is a risk of bias that the review process has due to in the title section, there is an opportunity for subjectivity. For this reason, special care was taken when accepting the synonyms in such a way that these were in the review scope.
Once the previous preliminary selection process was finished, the meaning of the titles was evaluated to choose those documents that had an affinity with the study and the abstract of these. Moreover, an analysis is carried out to confirm if the publications were related to the necessary subjects such as hypertension, asthma, COPD, or describing technical aspects regarding the hardware used in the RMS.
C. DATA EXTRACTION AND MANAGEMENT
Regarding the publications reviewed in this study, a classification was made according to their degree of relevance. Taking into account the above, three levels were defined: high, medium and low, considering high those that dealt with technical aspects of the devices and the monitoring of any of the three diseases or combinations of these. Medium relates those finding regarding a technical description of the used devices, but focus on other diseases. While low level relates subjects associated to the study, but treated through a different approach, which means that these are more similar to complementary studies or research backgrounds. Once the specific markers to be searched were established in each publication accepted for the study, to avoid going deeper than necessary for the body of the individual documents, the risk of bias or subjective results could be reduced. Because no information was crossed between publications, it was not necessary to define an extra variable that would help guide this process.
III. RESULTS
The decisions regarding the search terms used in the search engines were made taking into account that the research study focuses on patients with hypertension, asthma and/or COPD; and how the state of health of those suffering from these diseases according to their vital signs is shown. The string created are displayed in Table 1 .
A. SELECTION OF ARTICLES
Using the Google Scholar search engine and the strings previously elaborated with the key terms for the study, the references included in the first 10 generated pages were selected due to the perceived rift of the theme presented by the publications beyond this point. Of the total of records found in Google Scholar, 1000 publications were chosen, and 160 of them were taken as potentially useful. It is clear that every Google Scholar search could generate thousands of results therefore, these were ordered according to their level of coincidence and relevance with the search chain. For this reason, it was necessary to limit the analysis to the titles and abstracts regarding the most related references (160 bibliographic documents were selected). The above allowed delimiting the scope according to what is generated by this important search engine.
On the other hand, using the English strings in Science Direct, 781 preliminary results were obtained, of which, upon applying the selection process for the titles of the articles, 60 articles were taken as valid for the next stage of the process.
Likewise, the search process was carried out in PubMed, where a total of 317 publications were found coming from English channels. According to the relevance, 21 bibliographical references were chosen. In the same way, a total of 13,571 documents were obtained using IEEE database. From these results, a total of 1,200 documents were considered in the first filter. Considering the relevance of each paper and its titles, a total of 74 scientific documents were finally taken into consideration. On the other hand, in AAAS Science database was searched related scientific documents. In this search a preliminary total of 5,356 research papers were identified. For the first filter, a total of 75 documents were considered. Taking into account the relevance of the title compared to the desired strings, 15 journal articles were finally selected, ending the first part of the selection process with a total of 330 publications based on the applied filter criteria.
B. CLASSIFICATION OF INCLUDED RESEARCHES
In the next phase of this process, the relevance of the 330 abstracts of articles compiled according to the study topic was analyzed, 161 of them were selected. Fig. 1 displays the percentage of publications classified by the database where they were found. Fig. 2 shows the corresponding flow diagram to the Preferred Reporting Items for Systematic Reviews and Meta-Analyzes (PRISMA) [11] .
According to the classification defined in the Review Methodology section, regarding the related relevance of the analyzed publications, three levels are used which include: High, Medium and Low. The selected 161 articles in the previous stage were organized as follows: 35 at the high level, 74 at the medium level and 52 at the low level of relevance. Fig. 3 shows the graphic representation of publications according to the degree of relevance with this study. On the other hand, after classifying the selected publications by type, it was obtained the following classification: 7 thesis, 62 journal articles, 76 conferences, and two book sections. Fig. 4 shows the corresponding percentage of each type of scientific document.
C. EVALUATION OF PUBLICATIONS
Based on the information contained in the publications, Table 2 shows the most relevant aspects regarding the proposed search strings research, taking as a guide the work developed by Chipps et al. [12] and Adamse et al. [13] , published in the Journal of Telemedicine and Telecare. However, only the bibliographic references categorized with a high level of relevance for this study were used and analyzed in the following step of this review. Also, the evaluation and classification of these papers were made taking into account that the scope of this review is about the use of low-end embedded devices due to this project is developed for an in developing region.
D. MOST USED ELECTRONIC CARDS AND MICROCONTROLLERS
Based on the papers shown in Table 2 , and the final selected documents, it was analyzed the percentage of the most used electronic cards and microcontrollers. In this sense, Fig. 5 shows the corresponding percentage for each type of electronic cards.
It can be seen that more than the 23% percent of the reviewed papers used an Arduino UNO as main electronic development platform, followed by LinkIt ONE and Rasperry Pi platforms, with corresponding 6 % and 6 %, respectively. It is worth mentioning that for many documents, it was not specified the type of electronic platform or card used for the developed of the RMS. As mentioned, Arduino UNO is one of the most implemented type of electronic development platform, in this sense, these devices have high usability and/or compatibility with a variety of sensors which are indispensable for researches that require readings and data transmission [31] . Moreover, Fig. 6 shows the type of used microcontrollers the paper reviewed in this work. Apparently, ARM-based microcontrollers are the most used units for the development of RMS. Between the reviewed works, ARM7 microcontroller is the most used with an 8 %, while STM microcontroller (which is based in ARM technology) shows an 6 %. Likewise, if we consider the ARM type microcontrollers (STM, ARM7, and ATS), these represent a total 17 %. Otherwise, it is important to mention that several of the reviewed papers do not specify the type of microcontroller (as same for electronic development platform) used.
IV. DISCUSSION AND ANALYSIS
During the development of this study, a list of articles was found, analyzed and presented as useful information for those researchers who are going to develop related projects with the creation of systems for remote monitoring of vital signs of chronic patients.
In a first step, a total of 161 publications were selected considering a first filter. Moreover, these documents were evaluated for a second filter, considering the relevance of these publications and the aspects that are delimiting this study which includes three levels: high, medium and low. As described, a total of 35 publications identified as a high level of relevance, which were used to extract the necessary information to find the pattern of selection of microcontrollers or electronic development platforms. The contents evidence descriptions of aspects of technical interest in the subject of study and focus on any or all diseases that were defined. Table 2 shows the content of the analysis made to the 16 publications mentioned above. It shows the microcontrollers or electronic development platforms that were chosen in each of them. Figures 3 and 4 , shows the grouping and clearly explains the trend that more than a third of the projects used Arduino boards since 2016 as one of the fundamental components of their systems. However, the application of the filters during the development of this study gives a small number of publications to make deductions. Therefore, the analysis should continue to strengthen the conclusions.
A. MOTIVATIONS
The research on telemedicine and the related vital signs monitoring systems have been rapidly developed due to these tools offer understandable and persuasive benefits regarding the control of patient's diseases and a better application of medical services [32] . Regarding the above, this type of system could offer a variety of benefits considering different situations. For example, in case of natural a disaster and a mass casualty incident, important tools of RMS such as tracking or monitoring, can be useful in case of rapid destruction of the telecommunication infrastructure [5] . In this sense, the communication of the health status and location of injured individuals becomes into a crucial issue during medical emergencies. Another important aspect that is considered a plus in the application of RMS is related that these systems can help elderly people with chronic diseases [33] . In fact, home healthcare systems can make clinical data available to patients at the place and on time, making a real difference in the quality of life of people along with decreasing human/non-human errors and improving the safety [34] . For example, Calyam et al. [35] developed a synchronous big data analytics applied to remote physical therapy which was called as ''Physical Therapy-as-a-Service'' (PTaaS) system which is capable to connect a medical center with an elderly person at home allowing the therapist to monitor patient's condition. Also, the therapist is able to provide oral, auditory and vision signals for execution of correct practice activities. From a different point of view, the application of RMS can be useful for medical organizations and governments for its management, relative low cost, and the facility of its implementation, along with the benefits for patients. Regarding above, the management of healthcare organizations can be a complex task considering the dynamic operations and location of hospitals or medical attention centers. Therefore, medical institutions have to focus on this situation in order to meet the patient's requirements. For example, the deployment of multi-agent systems helps to manage and enhance the function of pediatric emergency departments which commonly experience uncertainly arrival of patients, avoiding the service to overcrowd [36] .
B. CHALLENGES
A lot of researchers, scientist and decision-makers have an interest to study the telemedicine from a variety of fields and viewpoints. In this sense, many of these studies have proposed perfect solutions for those problems regarding the healthcare service in different domains [37] . Therefore, from the review of many of these researches, it was found that a lot of scientists and developers are concerned about the challenges that the telemedicine need to face regarding electronical platforms, sensors in WBAN, the use of microcontrollers, smartphone applications, among other [38] . One of the most important challenge in telemedicine includes important issues such as: disease telemonitoring and control, application on medical services, and networking and electronic support. Regarding disease control and monitoring, this aspect is considered as one of the most important issue that has to be taken into consideration for the development of telemedicine systems. For example, in case of a patient with heart disease, the use of telemonitoring is ideal for this kind of person due to she/he needs constant monitoring and control during ordinary activities. Cruz et al. [39] developed a mobile application for recording and monitoring blood pressure for hypertension and heart disease patient. This study aimed to propose a system to overcome the limitation of patients constant monitoring and the decision framework for physician respect to the evolution of the monitored disease.
On the other hand, there are some well-known challenges regarding the application of RMS into healthcare services [40] . Therefore, a variety of issues such as: mobility, reliability, operational costs or efficiency, among others, can be identified as main challenges regarding the application of telemedicine into healthcare systems, and the formulation of these considering the up to date development of information and communication technologies development [41] . In this sense, tools such as: vital sign sensor technologies, cloud and networking computing, Internet of Things, big data, algorithm optimization, among other, are considered as emerging computer-based technologies for application of telemedicine systems [42] . Finally, for telemedicine purposes is known that the implementation of RMS requires the use of networking and electronic support [43] . In this sense, one of the most persistent and crucial issue in telemedicine is associated to network and communication optimization [44] .
Regarding above, there are a variety of challenges, such as service quality, overcrowding, interference, prioritization of information, traffic management, failure tolerance and networking reliability, among other, which have to be considered in the development of novel telemedicine services regarding networking and communication framework. In this sense, Albahri et al. [5] mentioned that for provisioning quality of service in the delivery of sensor data at multiple levels in WBANs, problems and key-aspects such as packet loss, drop, delay, jitter and throughput have to be addressed and WBAN performance should be improved.
C. RECOMENDATIONS
Finally, through the review presented in this paper, it is provided a few recommendations and observations from the literature aiming to overcome the described challenges and issues that are faced by medical institutions and national governments, developers, researchers, physicians and patients in different aspect in the development of telemedicine systems. In case of designers, researchers and developers, they should follow into the formulation of practical solutions that can assist physicians and patients encountering technical issues associated to the use of different health care devices [45] . In this sense, these actors (developers and researchers) should include in their investigations the development of prototypes and methods that include different polling structures and a wider range of novel applications regarding wireless multimedia sensor and networks that ensure the quality of the provided service for the all types of operations in WBAN which means the development of uncovered and unexplored issues regarding this aspect [46] . Therefore, the development of novel RMS considering the described motivations and challenges, becomes into an opportunity for the generation of new knowledge and projects regarding telemedicine which the goal of improvement the up to date reported systems.
V. CONCLUSION
A systematic review of electronic development platforms for the construction of Remote Monitoring Systems of vital signs for patients with Hypertension, Asthma and / or Chronic Obstructive Pulmonary was developed. This study adopted an approach based on the systematic review defined in the PRISMA guidelines. This was done with the aim of providing a starting point for the development of projects regarding remote monitoring systems and telemedicine for patients considering a defined criterion based and low-end embedded devices.
Based on the absence of exclusion of documents according to the publication database and the analysis of the information provided by Table 2 along with the mentioned issues in Motivations, Challenges and Recommendations sections, the trend of the usage of Arduino UNO showed that this electronic card is one of the most used electronic platforms in the development of remote monitoring systems. Otherwise, the reported research aims to develop novel RMS to overcome limitations such as: disease telemonitoring and control, application on medical services, networking and electronic support. Regarding Arduino UNO, it is important to mention that the versatility and compatibility of this electronic development platform meant that it was used by a large volume of research and telemedicine systems for the development of RMS. Otherwise, it worth mentioning that this electronic card is a low-end device which might not be the most suitable for the development of more advanced systems. Furthermore, the large number and variety of available sensors for vital sign monitoring, showed that there is a huge potential to develop novel system with low operational costs representing an important prospective for patient-care centers and physicians in order to decrease the overcrowding medical services.
